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Pixel side size ~20-100μm

Working point: VBias = Vbreakdown + ΔV ~ 20-60 V 
ΔV ~ 10-20% above breakdown voltage

Each pixel behaves as a Geiger counter with
Qpixel = ΔV Cpixel with Cpixel~50fmF  
Qpixel~150fmC=106e

Electrical inter-pixel cross-talk
minimized by: 

- decoupling quenching resistor for each pixel 
- boundaries between pixels to decouple them

reduction of sensitive area 
and geometrical (packing) efficiency

Very fast Geiger discharge development < 1 ns

Pixel recovery time = (Cpixel Rpixel) ~ 20 ns …1mks

Dynamic range ~ number of pixels saturation

Resistor
Rn=400 kΩ

-20M Ω

SiPM today – a reminder:
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Microphoto of SiPM (type Z) under operation

Dark rate of each pixel ~ 1 KHz light from Geiger discharges  
(300 sec exposition) 

(Max Plank Institute, Munich)
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SiPM can resolve individual multi-photon peaks 
differentiating bunches of 50 photons from those of 

49 or 51 photons
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SiPM’s have been developed in Russia during last 
ten years (see International Conferences on New 
Developments in Photodetection ICNDP-1999,
2002, 2005)

There are six SiPM’s producers for the time 
being - at the level of test batches production:

Center of Perspective Technology and Apparatus
CPTA, Moscow
MEPhI / Pulsar Enterprise, Moscow
JINR (Dubna) / Micron Enterprise
HAMAMATSU  has started SiPM (mass?) production
SensL, Ireland
ISTC-irst, Italy
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No antireflection coating of SiPM
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SiPM 1x1 mm2 ,  103 pixels
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O vervoltage ΔU , V

 T=+20,70 C (U bd=60,27)

 T=+9,90 C  (U bd=59,81)

 T=-6,40 C (U bd=58,82)

 T=-21,60 C (U bd=58,02)

 T=-36,50 C (U bd=57,15)

 T=-500 C  (U bd=56,23)

G ain, 106

DR typically 10**6 1/mm2 or 10**8 1/mm2 area! (room T)
Cooling helps (-50 C)
DR increases with overvoltage (tunneling) -> deep cooling doesn't help! 

Dark Rate (DR)
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Pixel-to-pixel crosstalk reduction Poisson statistics 
excess noise reduction down to 1 almost ideal 

photodetector - for pixel size 100x100um2
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Data: Data1_amp
Model: ExpDecay1 
Equation: y = y0 + A1*exp(-(x-x0)/t1) 
W eighting:
y No weighting
  
Chi^2/DoF = 565.44691
R^2 =  0.99897
  
y0 1932.69131 ±11.98254
x0 77.60337 ±--
A1 -1926.00611 ±--
t1 1615.08307 ±37.05734
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D istance between two light impulses, ns

Recovery tim e. SiPM Z105 (U=60,13).  Ubreakdown=52,4V.  13/01/2005
LED L53SYC (595nm ), timpulse=10ns, Ugen=-9v, L=1sm .

Charge
first and second impulse arear = (-2,6:10) ns = -10,60622 V*ns
one pixel arear = (-0,4:4)ns = -0,01907 V*ns
Npixels = 556

Recovery time of SINGLE pixel: C(pix) x R(pix) --> 30ns….. few us
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Monitoring and calibration with SiPM:
- Absolute measurement of SiPM signal per single phe
- Monitoring by measurement of MIP or alpha signals (with scint)
-> energy scale  # of phe/MeV
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SiPM signal saturation due to the limited 
total number of SiPM’s pixels
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Response functions for the SiPMs with different total 
pixel numbers measured for 40 ps laser pulses
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Temperature and bias voltage dependence at
low overvoltage (worst case):  
delta T (V)         Gain       Signal = Gain x PDE

-1 C                 +2.2%             +4.5%
+0.1V               +4.3%             +7%
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LED signal ~150 pixels

A=f(G,eff.)

Comparison of the SiPM characteristics in magnetic field of B=0Tand B=4T

( DESY March 2004)

No Magnetic Field dependence at 1% level
Note: Similar insensitivity in 9T magnet at Fermilab was shown by NIU
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Long term stability of SiPM
20  SiPMs worked during 1500 hours

Parameters under control: 

•One pixel gain

•Efficiency of light registration

•Cross-talk

•Dark rate

•Dark current

•Saturation curve

•Breakdown voltage No changes within 
experimental 
errors

5 SiPM were tested 24 hours at increased temperatures of
30, 40, 50, 60, 70, 80, and 90 degrees

No changes within experimental accuracy
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SiPM today:+ -
High gain, good S/N ratio
Good single electron resolution
Very good timing
Small recovery time
Very low nuclear counting effect
Insensitivity to B
Simple calibration and monitoring
Vow bias voltage
Low power consumption
Compactness
Room temperature operation
Good T and V stability
Simplest electronics
Relatively low expected cost (low
resistivity Si, simple technology)

Not very high PDE

Small area

High dark rate (~ area)

Excess Noise Factor is
large due to 
Optical Crosstalk
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Some examples ofSiPM Applications:

Scintillator+WLS+SiPM System for calorimetry

--> Detector for International Linear e+e- Collider

--> High granularity Sci Tile Hadron Calorimeter:
Energy Flow Technique for calorimetry with a
goal of very good hadron jet energy resolution 
R&D, CALICE Collaboration

1
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Small 108ch. prototype (MINICAL) with SiPM, MAPMT & APD was tested in e-beam

Tile 5x5x0.5cm3

Cassette

3x3 tiles

SiPM
Moscow Hamburg

Scintillator tile analog or semi-digital HCAL (CALICE Collab.)
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A big 8000 channel HCAL prototype with tail catcher is constructed by CALICE
(DESY,ITEP,LAL,MEPHI,NIU,Prague,UK) for analogue and semidigital modes

One plane with SiPMs and WLS fibers  installed 
into 3x3, 6x6 and 12x12 cm2  0.5 cm thick tiles

SiPM&FE signals in calibration mode

LAL 18 ch.  SiPM
FE chip

Same DAQ for HCAL&TCMT

wavelength 
shifting fibre

plastic scintillator

SiPM

1 m 

5 cm

1x1m² prototype tail catcher and 
muon tracker with SiPM readout 

wavelength 
shifting fibre

plastic scintillator

SiPM

wavelength 
shifting fibre

plastic scintillator

SiPM

1 m 

5 cm

1x1m² prototype tail catcher and 
muon tracker with SiPM readout 

TCMT (NIU)
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Parameters of ~ 10,000 tested SiPM’s
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.Space experiment “LAZIO”(MEPHI-INFN Collaboration)

SiPM’s in space !  International Space Station:
launched on April 15, 2005

Latitude particle flux dependence
Scientific goal:The measurement of low energy particle fluxes and radiation 
monitoring by apparatus, including sci tile+WLS fiber+SiPM hodoscope system
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3 SiPM application for sci fiber
MIP detection

• SiPM at room temperature is as good as VLPC at 6.5oK

Kuraray SCSF-78M,1mm, room temperature
K uraray blue 1 m m , Z-type, u=4.1 V, 2-c oinc idenc e, N_m ean=498
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Am241 alpha-particle scintillations in LXe, 178nm, -95C

Photon Detection Efficiency (178nm) = 5.5%

55phe
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Examples of larger area SiPM’s
(up to 5mm x 5mm available now)

applications
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Sensitive area : 3x3 mm2 # of pixels: 
5625

Working voltage: 20…25 V Gain: 1…2 
x10**6

Dark rate.room temperature:  20 MHz

SiPM noise(FWHM):
room temperature  5-8 electrons

-50 C                        0.4 electrons
Single pixel recovery time: 1us

Optical crosstalk: appr. 30 - 50 %    
ENF: appr. 1.5-2.0 (overvoltage 

dependent)                                                      

3x3mm*2 SiPM parameters

!
!
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SiPM 5mm x 5mm
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SiPM 5x5 mm2
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(available now)

Another readout option-without WLS fiber-
with 5mmx5mm SiPM is under study now
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•3x3 mm2 SiPM application for TOF

TOF for MIP(3 GeV electron beam)

Sigma=
=66ps

Timing resolution between:
PMT (FEU 187) + Cherenkov radiator

and SiPM 3x3mm2+BC418 3x3x40 mm3

Sigma (SiPM+BC418) = 33 ps

SiPM: MIP signal is appr.100 mV 
w/o amplification

Constant fraction 
discriminator



16

B.Dolgoshein, Overview of SiPM 
development at MEPhI/Pulsar

31

3x3 mm2 SiPM for Positron Emission Tomography
3x3 mm2 area is well matched with typical size of 

PET crystals (LSO, LYSO)
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LYSO+SiPM for PET
gammas E=511 KeV: 

LYSO 20x3x3 mm2, SiPM 3x3 mm2
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Timing resolution in PET
Pair of SiPM + LYSO crystals in coincidence 
for two gamma’s of 511 KeV, constant fraction discriminator)

Timing : 0.78 ns FWHM

--> good suppression of accidental   
background
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First results on monolithic SiPM matrix
Left - matrix of 4x4 SiPM, each of 0.75x0.75 mm2 

Right - response to LED flash
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SiPM for astroparticle Physics
A single photon counting
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MAGIC and EUSO needs:
~ 300,000 (EUSO) Photodetectors,working in a single 

photon counting mode (“TPC Calorimeter”)

Sensitivity in  > 300 nm range,PD eff --> 50%-60%

Fast (<10 ns EUSO, < 2ns MAGIC)    

Size 5x5 mm ( 10x10mm2)  

SiPM’s ?Baseline option is PMT’s (HPD’s)
(PDE, weight? power consumption? packing eff? compactness?)

Intensive R&D work on such a type of SiPM
is in progress now within a framework of
Collaboration MEPHI-Pulsar-MPI (Munich)
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Conclusions:

New generation of SiPM’s with suppression of:
optical crosstalk
dark rate

is under development now in order to obtain
the SiPM’s with:

Area:     up to 10x10 mm2
PDE:       of 50-60% over wide range of  wavelength
ENF:     < 1.05
Subnanosecond timing 

It will increase significantly the number of SiPM application for:
nuclear physics, nuclear medicine, high energy physics, 
astrophysics, biology, distance ranging, dosimetry,
communications, cryptography, safety and security systems etc. 

SiPM is becoming to be a good competitor for PMT 
and APD for number of applications
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